Objective: The aim of the study was to determine the feasibility of improved maternal-neonatal care-seeking and household practices using an approach scalable under Nepal's primary health-care services.
Introduction
Globally, there have been gratifying declines in under-five mortality in many countries; however, there has been less striking progress in maternal 1 and neonatal mortality. 2 In Nepal, both maternal and neonatal mortality have declined in recent years. The documented maternal mortality ratio declined from 539:100 000 for the period 1989 to 1995 3 to 281:100 000 for the period 1999 to 2005. 4 Neonatal mortality rate declined from 39:1000 for the period 1996 to 2000 5 to 33:1000 for the period 2001 to 2005. 4 This represents a per annum decline of 1.25/1000 live births. The cause of neonatal death was determined by verbal autopsy in the 2006 Nepal Demographic and Health Survey, 4 with infections accounting for 39.2% of neonatal deaths, birth asphyxia/birth injury for 33.4%, congenital anomalies for 8.1%, preterm or low birth weight for 5.9% and other causes for 13.4%.
Although in Nepal and elsewhere considerable efforts have been invested in programs training traditional birth attendants, lack of evidence of efficacy in reducing maternal risk 6 has led to a new focus on skilled birth attendance. However, providing skilled birth attendance service at high coverage faces major challenges with respect to human resources, infrastructure (health and transport) and health systems. Although crucial, this is not a quick-fix strategy. At the same time, evidence of mortality impact has been accruing for simple interventions which can be implemented at the community level, complementing efforts to expand utilization and improve quality of health facility (HF) delivery services. [7] [8] [9] Over the last several years, there has been particular interest in packages of interventions delivered at the community level and with the potential to drive down neonatal mortality. 10 Notably, Baqui et al.
11
documented a 34% reduction in neonatal mortality in a randomized community trial in Bangladesh, in which female community health workers identified pregnant women living in their catchment areas, visited them in their homes to provide counseling on birth preparedness, complication readiness and essential newborn care, and visited them after delivery to reinforce counseling messages and screen for danger signs, treating or referring as appropriate. However, even this very promising studyFlike others documented to dateFrelied on community health worker cadres who were recruited, trained and supported by the project rather than working within a national public-sector program. To date, there has been very limited experience with such approaches implemented at scale within regular public-sector services. This study was intended to help close that gap. Specifically, the study sought to answer the question: Is it feasible to achieve high coverage supporting and facilitating women and their families through pregnancy and childbirth to adopt care-seeking and household practices which can reduce risk to the mother and newborn, using an approach that is scalable within Nepal's public sector primary health care services?
Ethical approval was given by the Ministry of Health and Population for the study as a whole and by the Nepal Health Research Council for one of the two pilot districts, as work there included additional innovative elements, documented elsewhere.
Methods

Study setting
Under the Ministry of Health and Population in Nepal, the most peripheral HFsFhealth posts and sub-health postsFserve catchment populations averaging about 5 to 10 000 people, in areas called Village Development Committees. These HFs are staffed by paramedical staff and locally hired community health workers. These paid staff, in turn, are supported by a network of female community health volunteers (FCHVs), who are unpaid community volunteers typically spending about 6 h a week performing health promotion and certain dispensing and casemanagement functions. Paid staff and FCHVs deliver a variety of services related to antenatal and maternal-neonatal care.
The catchment area for the study included the rural portions of two districts in the Terai (plains) area of Nepal, Jhapa and Banke. The two districts differ somewhat in profile. Jhapa is a district with a relatively high human development index, 12 with an adult literacy of 62%; its population is largely of hill origin. It had a relatively high baseline institutional delivery rate.
Banke ranks among the middle one-third for human development index in Nepal, with an adult literacy of 54%; 12 it has a mixed population, mostly of plains origin and a large Muslim minority. Banke had a considerably lower baseline institutional delivery rate than Jhapa.
The intervention targeted the rural population of the two districts, which comes to 1 044 000 (2006/2007). 13 The estimated annual number of births in this population was 30 800 ( care-seeking, both routine (for institutional delivery and antenatal care) and in response to danger signs, including individualized planning and practical support, and household practicesFduring pregnancy (rest, nutrition) and essential newborn care (temperature-control, hygiene, breast-feeding).
In addition to counseling, FCHVs have been tasked with dispensing, during pregnancy (iron/folate) and postnatally (iron, vitamin A), and making a postnatal home visit within 3 days of birth, at which time they reinforce counseling, assess for danger signs and dispense. All service delivery has been done by existing paid and voluntary workers under the government public health system. District public health system supervisors and HF in-charges provided the bulk of the training and supervision, with supplemental support from NFHP staff. The main external input was support related to initial training, although NFHP also provided modest support to strengthen public sector antenatal and delivery service in the two districts. 
Research procedures and methods
Sample size
We determined sample size to detect a 10% baseline-to-endline change in key indicators based on the assumptions of 50% baseline prevalence, 5% type I error and 20% type II error, 10% nonresponse and a design effect of two (because of cluster sampling). These assumptions yielded a required sample size of 898. We planned to select 30 RDW in each of 30 clusters to achieve a total sample size, for each survey round, of 900 RDW in each of the two districts.
Sampling methods
A three-stage cluster sampling design was used in each surveyed district. In the first stage, sample frames consisting of all rural
Community-based maternal-neonatal approach in Nepal S Hodgins et al wards were constructed for each district (municipalities were excluded). We then randomly selected 30 wards (that is, clusters) in each district using probability-proportional-to-estimatedpopulation methodology. The same wards selected for the baseline survey were surveyed again at endline in order to minimize intersample differences in sociodemographic variables. In the second stage, survey teams developed a sketch map of each cluster, divided it into segments based on geographical criteria, estimated the number of households in each segment and randomly selected one segment using probability-proportional-to-estimatedpopulation. In the third stage, surveyors identified an index household in the selected segment of each cluster by developing a detailed map of the segment, spinning a pen at the center of the segment, walking to the border of the segment in the direction shown by the pen, assigning a number to each house situated within 20 m of their path, and then using a random number table to choose the index household from among the numbered households. Index segments and index households in each ward at baseline and endline were independently selected. Surveyors conducted an interview in the index household if an eligible respondent was present and then proceeded to the next closest house where they again interviewed any eligible respondents. This procedure was repeated until they interviewed 30 respondents in the cluster. In case the required number of 30 RDW was not reached even after surveying all homes in the cluster, interviewers would move to the nearest adjacent ward. Depending on the district, surveyors visited an average of five to eight households to identify one eligible respondent. Valley Research Group, a Kathmandubased research firm, was contracted under NFHP to conduct all surveys. Two wards in Banke district were not surveyed at baseline because of security issues; data gathered from these wards at endline were excluded from all analyses, yielding a final sample size of 840 in Banke and 1740 across the two districts.
Fieldwork organization
Surveyors participated in a 9-day training before beginning fieldwork for each survey. Five to six teams, each consisting of one supervisor and three female interviewers, collected data in each district. The supervisor for each team was in charge of mapping, segmentation, selection of the index households and maintenance of quality control. An interviewer manual was prepared to maintain consistency in the data collection process. A field research assistant was posted in each district to supervise and monitor data collection work.
Data collection instruments
Interviewers used three questionnaires in the surveys. The screening questionnaire was used to determine whether there were eligible RDW in each selected household. The household questionnaire was administered in all households with eligible RDW to gather basic information about household members and characteristics. The RDW questionnaire included questions on fertility, FCHV services, antenatal, delivery, postpartum and newborn care, birth preparedness and newborn vital status. Question wording and structure were modeled on those used in the Demographic Health Survey in Nepal.
Data management and analysis Statistical techniques and analytical procedures As a measure of household wealth, an assets index was constructed for each respondent using principal components analysis 14 to derive weights for each component of the index, based on ownership of television, bicycle and radio; housing characteristics (source of drinking water; type of toilet, floor and wall material); and presence of electricity. Data from baseline and endline were pooled to generate values of the asset index. Households were then ranked into wealth quintiles.
Baseline and endline samples were found to differ by literacy and wealth status (see results below). Owing to these intersample differences, point estimates presented in the tables and text below are adjusted using direct standardization for literacy and wealth status. The significance of differences between baseline and endline estimates for all indicators is assessed using logistic regression, adjusting for literacy, wealth status and cluster design. The strength and significance of all effects are virtually identical in adjusted and unadjusted analyses. Data were analyzed using STATA statistical software (version 9) StataCorp, College Station, TX, USA.
Data quality
Supervisors reviewed all completed questionnaires in the field for accuracy, consistency and completeness. In the infrequent cases in which supervisors found inconsistencies or missing information, data collectors made follow-up visits to surveyed households to properly complete the questionnaires. After editing, data were entered in databases using custom-designed data entry programs with appropriate range and consistency checks. On completion of data entry, a printout of raw data was generated and checked against the questionnaires in order to detect data entry errors. A 5% subsample of questionnaires was double entered and then compared with identify inconsistencies, which were found to be negligible (0.18% in both districts). Data were checked by reviewing frequency distributions and cross-tabulations.
Results
The sample Some respondent characteristics varied between baseline and endline samples; parity decreased, while literacy increased in Banke. Household wealth status increased modestly between baseline and endline (Table 1) . (Table 2) .
Intervention coverage and message dissemination
Service utilization and household-level practices and behaviors
Increases in the percentage of respondents who reported having received advice from their FCHVs were matched, for most measures, by increases in routine care-seeking and service utilization as reported by respondents ( Table 3 ). The proportion of respondents delivering in a HF increased only marginally (in Banke the proportion rose markedly but in Jhapa, where the baseline rate was already high, there was little change), whereas there was no increase in the use of modern contraception. The percentage of respondents who sought care following recognition of danger signs increased for newborns and was accompanied by a decrease of about one half day in the time lag between illness onset and careseeking. Respondents reporting inability to access health services because they considered travel to be unsafe were few both at baseline and endline (2.1 and 1.9%, respectively; odds ratio (OR): 0.90, 95% confidence interval (CI): 0.51 to 1.59). Those reporting not being able to access needed health services because of the absence of health-care staff declined slightly (12.4 to 8.9%, OR: 0.69, 95% CI: 0.49 to 0.97). Positive changes were observed in all targeted household-level practices and behaviors including those with both high and low prevalence at baseline (Table 4) . Some of the most notable increases were observed in practices that were believed to be resistant to change such as delayed bathing after delivery.
Changes in neonatal mortality
All RDW surveyed at baseline and endline were asked about the vital status of their most recently delivered infant, whether stillborn or born live and, if the infant died, at what age it happened. Altogether, of 1716 live births at baseline, there were 36 reported deaths within the first 28 days of life. At endline, of 1723 live births captured in the survey, there were 14 deaths. Adjusting Abbreviation: FCHV, female community health volunteer. Baseline and endline values are adjusted using direct standardization for literacy and wealth status. Odds ratios calculated using logistic regression, adjusting for wealth and literacy status and cluster design.
Community-based maternal-neonatal approach in Nepal S Hodgins et al for literacy and wealth differences between baseline and endline survey, as well as the cluster design, this yields an OR of 0.42 (95% CI: 0.24 to 0.72), with baseline mortality at 20/1000 (95% CI: 14 to 27) and endline at 8/1000 (95% CI: 4 to 13). A more comprehensive presentation of results can be found in a technical report available on the internet (http://www.nfhp.org.np/ Res/Docs/cb-mnc_followup_survey.pdf)
Discussion
This study has shown that it is feasible to bring about significant changes in maternal-neonatal care-seeking and household practices that have the potential to reduce neonatal mortality, operating at scale using an approach that can be readily expanded under the government primary health-care services in a setting like rural Nepal. The FCHVs reached a high proportion of pregnant women with counseling (82%). As respected members of the community, they not only convey information but also are a credible and trusted source of advice on health matters. The survey results show that they succeeded in reaching most women with key antenatal and newborn care advice and that this resulted in significant shifts in a number of household practices and careseeking behaviors, for which there is evidence in the literature of mortality-reduction efficacy. 15 Although there was improvement in care-seeking for neonatal danger signs, which may contribute to reducing mortality risk, there was not a similar improvement in Delay of care-seeking for ill neonates P-value Mean number of days from the onset of symptoms to care-seeking during most recent episode of newborn's illness (among respondents with live infant older than 1 month or whose infant died at an age of more than 1 month)
Among respondents who sought care from any source 2.35 (n ¼ 257) 1.81 (n ¼ 372) P ¼ 0.0007 Among providers who sought care from health facility 2.28 (n ¼ 157) 1.83 (n ¼ 247)
Abbreviation: ANC, antenatal care. Baseline and endline values (for percentages only) are adjusted using direct standardization for literacy and wealth status. Odds ratios calculated using logistic regression, adjusting for wealth and literacy status and cluster design.
Community-based maternal-neonatal approach in Nepal S Hodgins et al care-seeking for pregnancy or delivery-related danger signs. Seeking urgent care for danger signs can be a difficult decision for households in rural Nepal as such a decision may entail considerable difficulty and commitment of scarce household resources. 16 In addition, there are significant geographic and cultural barriers to seek care. Why care-seeking appears to have improved for newborn danger signs but not for pregnancy or delivery-related danger signs is not clear, although this may reflect a perception that effective care for neonatal problems may be more affordable and more readily at hand than care that would be required for maternal complications.
The most important limitation of this study is that it was a simple pre-post design with no comparison area. In the absence of data from a comparison area, observed changes could be accounted for by factors other than the intervention. A significant extrinsic factor was that, at the time of the baseline surveys, Nepal was in a state of civil war, which affected both intervention districts, especially Banke. HF staffing was similar during the two periods at both hospital and health-post/sub-health post levels. Although during the conflict there were frequent anecdotal reports of security problems restricting access to hospitals, our study did not show any significant change in the proportion reporting inability to access health services due to security concerns. A more significant problem with regard to access to emergency care has been transport and geographic barriersFsuch conditions were essentially the same at baseline and endline.
The slight shift in socioeconomic profile of those giving birth at these two points in time may be accounted for, at least in part, by the end to hostilities. Adjustments were made in our analysis to control for the positive socioeconomic shift.
For certain of the service delivery indicators measured by our surveys, we have access to comparable data from the government's Health Management Information System (HMIS) for periods corresponding to our baseline and endline surveys (2004 to 2005 and 2006 to 2007) . For receipt of two doses of tetanus toxoid or lifetime five-dose coverage, according to HMIS, over this period the increase in the proportion observed in the intervention districts (13.5%) is marginally higher than that documented nationally (10.7%). It can be noted that these figures are based on the government's comprehensive service delivery information system, not on a sample; hence no statistical test has been performed. For other service delivery indicators that we are able to compare using national HMIS, the increases in intervention districts significantly exceed those seen at the national level, notably antenatal receipt of iron/folate (increased by 29.1, vs 0.4% nationally) and postpartum vitamin A (90.2%m, vs 14.2% nationally). 17 Baseline and endline values are adjusted using direct standardization for literacy and wealth status. Odds ratios calculated using logistic regression, adjusting for wealth and literacy status and cluster design.
Community-based maternal-neonatal approach in Nepal S Hodgins et al Surveys 4, 5 we have a strong deteriorating national trend in exclusive breast feeding for the period beyond 2 months of age, whereas the change from baseline to endline in the intervention districts showed improved exclusive breast-feeding rates. The 2001 and 2006 national surveys did show a modest improvement in the proportion of newborns breastfed within an hour of birth (31.1-35.3%). By contrast, in our intervention districts, initiation within an hour of birth increased markedly from baseline to endline (34.1-54.9%, OR: 2.39, 95% CI: 1.73 to 3.29).
It should be noted that through the intervention period, there were no significant national-level behavior change communication efforts related to maternal-neonatal health. For many of the key household practice and care-seeking indicators measured in our study, the magnitude of the observed changes was programmatically significant and, notwithstanding weak design, it strains credulity to dismiss these as no more than a reflection of secular trends.
In this paper, we have reported on mortality change. The observed reduction is consistent with the significant and broad improvements in household practices and service utilization documented here. However, there are research methodology and measurement issues that prevent us from making any conclusive statements with regard to mortality impact.
As an operations research activity conducted as part of broad program support to the Ministry of Health and Population, our priorities for assessment and documentation were feasibility, coverage and scalabilityFnot mortality impact per se. The design was observational not experimental; there were no comparison areas surveyed. We do have alternative sources of relevant comparison data for mortality, roughly covering the periods of the baseline and endline surveys, but sampling and measurement were not equivalent to our surveys. Roughly corresponding to the period of our baseline, relevant mortality data are available from the 2006 Nepal Demographic and Health Survey (NDHS). 4 Corresponding to our endline, we have data from a 2009 40-district household survey 18 of the rural clusters used in the 2006 DHS. This survey used the same sampling methodology and the same methods of mortality ascertainment as NDHS 2006. So, these two surveys can be used to get an indication of mortality trends over the period across about half of rural Nepal. Excluding Banke and Jhapa (reducing the sample to 38 districts) and restricting analysis to 3 years preceding each of the two surveys, neonatal mortality for the period ending 2006 was 32/1000 (95% CI: 20 to 44) and for the period ending 2009 it was 21/1000 (95% CI: 13 to 29). Analysis for these point estimates and CIs uses the standard DHS methodology of weighting and adjustment for design effect. The lower point estimate in our Jhapa/Banke baseline survey (20/1000 vs the NDHS figure of 32) may reflect, in part, differences in the procedures used for death ascertainment. It can be noted that, the NDHS and 40-district surveys derived mortality data by first eliciting a complete pregnancy history from a sample consisting of women of reproductive age, whereas the 2-district baseline and endline surveys used a simple household screening instrument to identify homes where a birth had happened within the past 12 months; the identified 'recently delivered women' were subsequently questioned to determine vital status of the baby. The NDHS 2006 and 38-district 2009 surveys showed a notable drop in mortality (32/1000 to 21/1000), although the difference did not reach statistical significance. The proportionate reduction in the two intervention districts was, however, greater (60 vs 34%).
The experience described in this paper is a significant step further than community trials documented to date in terms of progress toward a real-world at-scale public sector program. Over 2.5 years of implementation, B63 000 women were reached using a program approach that it ready to be scaled up (and is now being expanded in other districts). Almost unique to this study has been that the approach has been designed to be implemented primarily by a volunteer cadre working nationwide under the government health system. (An earlier iteration of this work in Nepal was described by McPherson et al. 19 ) More than a proof of concept for a particular intervention, the approach described here has been designed to be fully integrated and scalable within the public sector at a cost and management complexity similar to other interventions now operating at national scale in Nepal (for example, Community-Based Integrated Management of Childhood Illness). Furthermore, we have documented that this comparatively simple set of interventions can be implemented with relatively light external support, achieving high coverage, significant shifts in service utilization and household practices, and has the potential to substantially reduce neonatal mortality.
